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SPECIFICATION 
Portable Telephone 

5 Technical Field 

The present invention relates to a portable telephone and 
particularly, to a portable telephone of a diversity type that can be used in 
both of a continuous transmit/receive system performing continuous 
transmission/reception of a signal and a time-division transmit/receive 
10 system performing time-divisional transmission/reception of a signal. 

Background Art 

The PDC system, a kind of the TDMA system performing time- 
divisional transmission/reception of a signal, has been heretofore adopted 

15 in the portable telephone related industry. Furthermore, diversity 

techniques have been employed in which two antennas are provided for a 
portable telephone and receive speech data is reproduced on the basis of 
levels of signal received by the two antennas. 

On the other hand, a transition from the above described PDC 

20 system to the W-CDMA system performing a continuous 

transmission/reception of a signal has been planned in connection with 
technologies of a portable telephone. During this transition, a time period 
is expected to come in which both systems of PDC and W-CDMA co-exist; 
therefore, it is also expected that the need arises for a dual mode portable 

25 telephone that can be used in both systems. 

However, when the dual mode portable telephone is constructed from 
two equipments of respective both types in a simple combination, a resulted 
equipment becomes of a large size and especially, if the diversity 
techniques were implemented in each of both systems, 4 antennas would be 

30 required, which further increases an equipment size. 

Disclosure of the Invention 

It is accordingly an object of the present invention to provide a 
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portable telephone that can be used in both of the continuous 
transmit/receive system and the time-division transmit/receive system, in 
which systems a diversity technique can be realized, and which is capable 
of shrinking a size thereof 
5 The object of the present invention can be achieved by providing a 

portable telephone of a diversity type that can be used in both of a 
continuous transmit/receive system performing continuous 
transmission/reception of a signal and a time- division transmit/receive 
system performing time-divisional transmission /reception of a signal, 

10 including: first and second antennas provided spaced apart from each 
other; a first transmit/receive circuit for transmitting/receiving a signal 
to/from a base station for the continuous transmit/receive system; a second 
transmit/receive circuit for transmitting/receiving a signal to/from a base 
station for the time-division transmit/receive system; a judging circuit 

15 judging one of the continuous transmit/receive system and the time-division 
transmit/receive system as a main system and the other as a monitor 
system on the basis of receive signals of the first and second 
transmit/receive circuits; and a coupler coupling the first or second 
transmit/receive circuit corresponding to a system judged as a main system 

20 by the judging circuit with the first and second antennas in a main system 
operation in which a signal is transmitted/received to/from a base station 
for a main system, while coupling the first or second transmit/receive 
circuit corresponding to a system judged as a monitor system by the judging 
circuit with the first and second antennas in monitoring in which a signal 

25 is received from a base station for a monitor system. 

A main advantageous point of the present invention is that a 
portable telephone of the present invention can be used in both of the 
continuous transmit/receive system and the time-division transmit/receive 
system, in which systems diversity techniques can be realized, and which is 

30 capable of shrinking a size thereof since two antennas can be shared by 
both systems. 

It is preferable that the coupler includes: a first filter provided 
between the first antenna and the first transmit/receive circuit and passing 



only a signal of the continuous transmit/receive system therethrough; a 
second filter provided between the first antenna and the second 
transmit/receive circuit and passing only a signal of the time-division 
transmit/receive system therethrough; and a switching circuit coupling the 
second antenna and the first transmit/receive circuit with each other in a 
case where the first transmit/receive circuit is used, while coupling not only 
the first antenna and the second transmit/receive circuit with each other 
through the second filter but also the second antenna and the second 
transmit/receive circuit with each other in a case where the second 
transmit/receive circuit is used. In this aspect, since the first antenna for 
use in transmission/reception of a signal and each of the first and second 
transmit/receive circuits are coupled through a filter, a power loss of the 
signal in transmission can be restricted to a low level. Furthermore, since 
the switch circuit can be integrated into circuitry, a size of an equipment 
can be shrunk. 

It is further preferable that the coupler includes a first filter 
provided between the first antenna and the first transmit/receive circuit 
and passing only a signal of the continuous transmit/receive system 
therethrough; a second filter provided between the first antenna and the 
second transmit/receive circuit and passing only a signal of the time- 
division transmit/receive system therethrough; a circulator giving a receive 
signal to the second transmit/receive circuit through a second input/output 
port thereof, the receive signal being given to a first input/output port 
thereof through the first antenna and the second filter, while giving a 
transmit signal to the first antenna through the first input/output port 
thereof and the second filter, the transmit signal being given to a third 
input/output port thereof from the second transmit/receive circuit; and a 
switching circuit coupling the second antenna and the first transmit/receive 
circuit with each other in a case where the first transmit/receive circuit is 
used, while coupling the second antenna and the second transmit/receive 
circuit in a case where the second transmit/receive circuit is used. In this 
aspect, since the circulator is used, control of the switching circuit can be 
simplified. 



It is still further preferable that the coupler includes: first and 
second filters, respectively, provided between each of the first and second 
antennas, and the first transmit/receive circuit and passing only a signal of 
the continuous transmit/receive system therethrough; third and fourth 
5 filters, respectively, provided between each of the first and second antennas, 
and the second transmit/receive circuit and passing only a signal of the 
time-division transmit/receive system therethrough; and a circulator giving 
a receive signal to the second transmit/receive circuit through a second 
input/output port, the receive signal being given to a first input/output port 

10 through the first antenna and the third filter, while giving a transmit 

signal to the first antenna through the first input/output port and the third 
filter, the transmit signal being given to a third input/output port from the 
second transmit/receive circuit. In this aspect, since the first to fourth 
filters and the circulator are used, a power loss is reduced and no control by 

15 the coupler is necessary. 

It is yet further preferable that the coupler includes: first and second 
filters, respectively, provided between each of the first and second antenna, 
and the first transmit/receive circuit and passing only a signal of the 
continuous transmit/receive system; third and fourth filters, respectively, 

20 provided between the first and second antennas, and the second 

transmit/receive circuit and passing only a signal of the time-division 
transmit/receive system therethrough; and a switching circuit giving a 
transmit signal outputted from the second transmit/receive circuit to the 
first antenna through the third filter in transmission of the second 

25 transmit/receive circuit, while giving a receive signal of the first antenna to 
the second transmit/receive circuit through the third filter in reception of 
the second transmit/receive circuit. In this aspect, since the first to fourth 
filters and the switch circuit are used, a power loss can be reduced and a 
size of an equipment can be shrunk. 

30 It is further preferable that the first transmit/receive circuit 

generates receive speech data on the basis of receive signals from the first 
and second antennas and the second transmit/receive circuit selects a 
signal of a higher signal level of receive signals from the first and second 
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antennas and generates receive speech data on the basis of the selected 
receive signal. In this aspect, since receive signals from the first and 
second are combined or a signal of a higher signal level of the receive 
signals is selected, signal reception can be performed with high sensitivity. 

5 

Brief Description of the Drawings 

Fig. 1 is a circuit block diagram representing a main part of a dual 
mode portable telephone according to a first embodiment of the present 
invention; 

10 Fig. 2 is a frequency spectrum chart of signals of the W-CDMA 

system and the PCD system employed in the dual mode portable telephone 
shown in Fig. 1; 

Fig. 3 is a table for describing operation of the dual mode portable 
telephone shown in Fig. 1; 
15 Fig. 4 is a time chart for describing operation of the dual mode 

portable telephone shown in Fig. 1; 

Fig. 5 is another time chart for describing operation of the dual mode 
portable telephone shown in Fig. 1; 

Fig. 6 is a circuit block diagram representing an example 
20 modification of this embodiment; 

Fig. 7 is a table for describing operation of the dual mode portable 
telephone shown in Fig. 6; 

Fig. 8 is a circuit block diagram representing another example 
modification of this embodiment; 
25 Fig. 9 is a table for describing operation of the dual mode portable 

telephone shown in Fig. 8; 

Fig. 10 is a circuit block diagram representing still another example 
modification of this embodiment; and 

Fig. 11 is a table for describing operation of the dual mode portable 
30 telephone shown in Fig. 10. 

Best Mode for Carrying Out the Invention 

Detailed description will be given of a dual mode portable telephone 
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relating to the present invention below with reference to the accompanying 
drawings. 

Referring to Fig. 1, the dual mode portable telephone includes: a 
transmit/receive antenna 1; a receive antenna 2, band branching filters 3 
5 and 6; switches SW1 to SW3; a W-CDMA transmit circuit 11; a W-CDMA 
receive circuit 12; a PDC transmit circuit 13; a PDC receive circuit 14; and 
a control circuit 15. 

The transmit/receive antenna 1 is used in transmission/reception in 
both of the W-CDMA system and the PDC system. As shown in Fig. 2, a 

10 transmit signal Txl and receive signal Rxl of the W-CDMA system have 
frequencies of the order of 2 GHz and a transmit signal Tx2 and receive 
signal Rx2 of the PCD system have frequencies of the order of 0.8 GHz. 
Since such signals of the two systems having respective different 
frequencies are transmitted/received, the transmit/receive antenna 1 has 

15 been constructed so as to have two resonance points. The receive antenna 
2 also has two resonance points and is used in reception of signals of the W- 
CDMA system and the PDC system. With the two antennas 1 and 2 
adopted, a diversity system is realized. 

The band branching filter 3 includes: a high pass filter (HPF) 4; a 

20 low pass filter (LPF) 5; and three input/output ports 3a to 5a. The port 3a 
is connected to the transmit/receive antenna 1. The signals Txl and Rxl 
of the W-CDMA system are transmittable through a route from the port 3a, 
to the high pass filter 4 and to the port 4a and the signals Tx2 and Rx2 of 
the PDC system are transmittable through a route from the port 3a, to the 

25 low pass filter 5 and to the port 5a. 

The band branching filter 6 includes band pass filters (BPF) 7 and 8; 
and three port 6a to 8a. The ports 6a to 8a are connected to the port 4a of 
the band branching filter 3, an output terminal 11a of the W-CDMA 
transmit circuit 1 1 and a first input terminal 12a of the W-CDMA receive 

30 circuit 12, respectively. The receive signal Txl (1920 to 1980 MHz) of the 
W-CDMA system is transmittable through a route from the port 7a, to the 
band pass filter 7 and to the port 6a and the receive signal Rxl (2110 to 
2170 MHz) of the W-CDMA system is transmittable through a route from 



the port 6a, to the band pass filter 8 and to the port 8a. 

A common terminal T3a of the switch SWl is connected to the receive 
antenna 2, a first switching terminal Tla is connected to a second 
switching terminal T2c of the switch SW3 and a second terminal T2a of the 
switch SWl is connected to a second input terminal 12b of the W-CDMA 
receive circuit 12. The switch SWl is switching-controlled by a control 
circuit 15. Definition is here given such that a state in which a route 
between terminals Tla and T3a is conductive is referred to as "state I" and 
a state in which a route between terminals T2a and T3a is conductive is 
referred to as "state 2." 

A common terminal T3b of the switch SW2 is connected to the port 
5a of the band branching filter 3, a first switching terminal Tib thereof is 
connected to an output terminal 13a of a PDC transmit circuit 13 and a 
second switching terminal T2b thereof is connected to a first switching 
terminal Tic of the switch SW3. The switch SW2 is switching-controlled 
by the control circuit 15. Definition is again here given such that a state 
in which a route between the terminals Tib and T3b is conductive is 
referred to as "state V and state in which a route between the terminals 
T2c and T3c is conductive is referred to as "state 2." 

The W-CDMA transmit circuit 11 is activated in a case where the W- 
CDMA system is a main system and a transmit signal Txl is generated 
according to transmit speech data generated on the basis of speech of a user 
of the portable telephone. The transmit signal Txl is given to the 
transmit/receive antenna 1 through the band pass filter 7 and the high 
pass filter 4. 

The W-CDMA receive circuit 12 combines a signal Rxl received by 
the transmit/receive antenna 1 and given through the high pass filter 4 and 
the band pass filter 8 and a signal Rxl' received by the receive antenna 2 
and given through the switch SWl to synthesize receive speech data. The 
receive speech data is converted to speech to transmit the speech to the 
user of the portable telephone. 

Furthermore, the W-CDMA receive circuit 12 monitors information 
from the base station for the W-CDMA system on the basis of the receive 



signals Rxl and Rxl' in monitoring in a case of the PDC system is a main 
system. The reason why the information from the base station for the W- 
CDMA system is monitored in such a way is that swift transition to the W- 
CDMA system is realized when a signal level from the base station for the 
PDC system decreases. 

The PDC transmit circuit 13 is activated in a case where the PDC 
system is a main system and a transmit signal Tx2 is generated according 
to transmit speech data. The transmit signal Tx2 is given to the 
transmit/receive antenna 1 through the switch SW2 and the low pass filter 
5. 

The PDC receive circuit 14 generates receive speech data in the main 
system operation in a case where the PDC system is a main system on the 
basis of a signal Rx2 received by the transmit/receive antenna 1 and given 
through the low pass filter 5 and the switches SW2 and SW3, or a signal 
Rx2 received by the receive antenna 2 and given through the switches SW1 
and SW3. 

Furthermore, the PDC receive circuit 14 monitors information from 
the base station for the PDC system on the basis of the signal Rx2 in 
monitoring in a case where the W-CDMA system is a main system. The 
reason why the information from the base station for the PDC system is 
monitored in such a way is that swift transition to the PDC system is 
realized when a signal level from the base station for the W-CDMA system 
decreases. 

The control circuit 15 judges which of signal levels of the W-CDMA 
system and the PDC system is higher on the basis of signals from the 
receive circuits 12 and 14 and selects a system of a higher signal level as a 
main system, while specifying a system of a lower signal level as a monitor 
system. The control circuit 15 controls the switches SW1 to SW3, the 
transmit circuits 11 and 13, and the receive circuits 12 and 14. 

Fig. 3 is a table for representing states of the switches SW1 to SW3. 
Description will be given of operation of the portable telephone below with 
reference to Fig. 3. 

First of all, the receive signal Rxl of the W-CDMA system and the 



receive signal Rx2 of the PDC system are compared with each other by the 
control circuit 15 and a system of a higher signal level is selected as a main 
system, while a system of a lower signal level is specified as a monitor 
system. 

5 In a case where the W-CDMA system is a main system and a 

telephone is in a conversation state, the switch SWl enters "state 2" to 
allow a route between the terminals T2a and T3a to be conductive and the 
switches SW2 and SW3 is placed into a D/C state (Don't Care) in the main 
system operation. The signal Rxl received by the antenna 1 is inputted to 

10 the first input terminal 12a of the W-CDMA receive circuit 12 through the 
high pass filter 4 and the band pass filter 8 and along with the input of the 
signal Rxl, the signal Rxl' received by the antenna 2 is inputted to the 
second input terminal 12b of the W-CDMA receive circuit 12 through the 
switch SWl. The W-CDMA receive circuit 12 generates receive speech 

15 data on the basis of the signals Rxl and Rxl' from the two antennas 1 and 
2. That is, a space diversity technique is realized. 

Furthermore, the signal Txl generated in the W-CDMA transmit 
circuit 11 is given to the antenna 1 through the band pass filter 6 and the 
high pass filter 4 and further transmitted to the base station for the W- 

20 CDMA system from the antenna 1, In this case, as shown in Figs. 4(a) and 
4(b), the transmit signal Txl is continuously transmitted and the receive 
signals Rxl and Rxl' are also continuously received. For this reason, the 
W-CDMA system is called a continuous transmit/receive system. 

In a case where the W-CDMA system is a main system and a 

25 telephone is in a conversation state, the switch SWl assumes "state 1" in 
monitoring to cause a route between the terminals Tla and T3a to be 
conductive and the switch SW2 assumes "state 2" to cause a route between 
the terminals T2b and T3b to be conductive, and the switch SW2 assumes 
"state 1" or "state 2" such that one of a higher signal level of the signal Rx2 

30 received by the antenna 1 and the signal Rx2 received by the antenna 2 is 
inputted to the PDC received circuit 14. In this case, as shown in Figs. 
4(c) and 4(d), outputting of the transmit signal Tx2 is ceased while the 
receive signal Rx2 is continuously received. The PDC receive circuit 14 
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monitors information from the base station for the PDC system on the basis 
of the receive signal Rx2. 

In a case where the W-CDMA system is a main system and a 
telephone is in a call waiting state, the telephone is in the same state as in 
5 the conversation state. 

In a case where the PDC system is a main system and the telephone 
is in a conversation state, the switch SW1 assumes "state 1" in the main 
system operation to cause a route between the terminals Tla and T3a to be 
conductive and the switch SW2 assumes "state 1" and "state 2" in 

10 transmission and reception, respectively, and the switch SW3 assumes 

"state 1" or "state 2" such that one of a higher signal level of the signal Rx2 
received by the antenna 1 and the signal Rx2 received by the antenna 2 is 
inputted to the PDC receive circuit 14. The one of a higher signal level of 
the signal Rx2 received by the antenna 1 and the Rx2 received by the 

15 antenna 2 is inputted to the PDC receive circuit 14 and the PDC received 
circuit 14 generates receive speech data on the basis of the signal Rx2 
inputted. That is, a space diversity technique is realized. 

Furthermore, the signal Tx2 generated by the PDC transmit circuit 
13 is given to the antenna 1 through the switch SW2 and the low pass filter 

20 5 and further transmitted to the base station for the PDC system from the 
antenna 1. In this case, reception of the signal Rx2 and transmission of 
the signal Tx2 are alternately performed in a time divisional manner. 
That is, as shown in Figs. 5(c) and 5(d), the signal Rx2 is received in an R 
(reception) slot, nothing is performed in an I (idle) slot, the transmit signal 

25 Tx2 is transmitted in a T (transmission) slot, the signal Rxl from the 

antenna 1 and a signal from the antenna 2 are compared with each other in 
regard to signal intensity in an LM (level measuring) slot to set a state of 
the switch SW3 and the signal Rx2 is received in the R slot. Therefore, the 
PDC system is called a time division transmit/receive system. 

30 In a case where the PDC system is a main system and a telephone is 

in a conversation state, the switch SWl assumes "state 2" in monitoring to 
cause a route between the terminals T2a and T3a to be conductive and the 
switches SW2 and SW3 assume the D/C state. The W-CDMA receive 
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circuit 12 monitors information from the base station for the W-CDMA 
system on the basis of the signal Rxl and RxT from the antennas 1 and 2. 

A case where the PDC system is a main system and a telephone is a 
standby receive state is basically the same as a case where the telephone is 
5 in the conversation state. Since no transmission is performed in the 

standby receive state, however, the switch SW2 has no chance to assume 
"state 1." 

In this embodiment, using the band branching filter 3 and the 
switches SW1 to SW3, selective coupling is performed between the two 

10 antennas 1 and 2, and the W-CDMA receive system 11 and the W-CDMA 
transmit system 12 or between the two antennas 1 and 2, and the PDC 
receive system 13 and the PDC transmit system 14. Therefore, both of the 
W-CDMA system and the PDC system can be used and further a diversity 
technique is realized in both system and downsizing of the equipment can 

15 be achieved. 

Note that why the transmit/receive antenna 1 and the W-CDMA 
transmit circuit 11 are coupled with each other through the filters 4 and 7 
is that a power loss of a signal is restricted to a low level in transmission. 
Furthermore, the switches SWl and SW3 can be integrated into circuitry 

20 with ease, thereby enabling downsizing of the equipment. 

Description will be given of an example modification of this 
embodiment below. In an example modification of Fig. 6, the switch SW2 
of Fig. 1 is replaced with a circulator 21. The circulator 21 includes three 
input/output ports 2 la to 2 lc. The input/output port 2 la to 2 lc are 

25 connected to the port 5a of the band branching filter 3, the first switching 
terminal Tic of the switch SW3 and the output node 13a of the PDC 
transmit circuit 13, respectively. The signal Rx2 received by the antenna 
1, passing through the low pass filter 5 and inputted to the port 21a is 
given to the first switching terminal Tic of the switch SW3 through the 

30 port 2 lb. The signal Tx2 generated in the PDC transmit circuit 13 and 
inputted to the port 21c is given to the input/output port 5a of the band 
branching filter 3 through the port 21a. Hence, the circulator 21 plays the 
same role as does the switch SW2. The switches SWl and SW3, as shown 
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in Fig. 7, are switching-controlled as is similar to the description with 
reference to Figs.l and 3. In this example modification, since no control of 
the switch SW2 is necessary, simplification of control is realized. 

In an example modification of Fig. 8, the switch SW1 of Fig. 6 is 
5 replaced with a band branching filter 22. The band branching filter 22 
includes: a low pass filter 23; a high pass filter 24; and three input/output 
ports 22a to 24a. The receive signal Rxl' of the W-CDMA system is 
transmittable through a route from the port 22a, to the high pass filter 24 
and to the port 24a, while the receive signal of the PDC system is 

10 transmittable through a route from the port 22a, to the low pass filter 23 
and to the port 23a. Therefore, the band branching filter 22 plays the 
same role as does the switch SW1. The switch SW3, as shown in Fig. 9, is 
switching-controlled as is similar to the description with reference to Figs.l 
and 3. In this example modification, since neither the switch SW1 nor the 

15 switch SW2 is necessary to be controlled, simplification of control is 
realized. 

In an example modification of Fig. 10, the circulator 21 of Fig.8 is 
replaced with the switch SW2. The switches SW2 and SW3, as shown in 
Fig. 11, are switching-controlled as is similar to the description with 
20 reference to Figs.l and 3. In this example modification, since no control of 
the switch S W2 is necessary, simplification of control is realized. 



- 12- 



CLAIMS 



1. A portable telephone of a diversity type that can be used in both 
of a continuous transmit/receive system performing continuous 

5 transmission/reception of a signal and a time-division transmit/receive 
system performing time- divisional transmission /reception of a signal, 
comprising: 

first and second antennas (1, 2) provided spaced apart from each 

other; 

10 a first transmit/receive circuit (6, 11, 12) for transmitting/receiving a 

signal to/from a base station for said continuous transmit/receive system; 

a second transmit/receive circuit (SW3, 13, 14) for 
transmitting/receiving a signal to/from a base station for said time-division 
transmit/receive system; 

15 a judging circuit (15) judging one of said continuous transmit/receive 

system and said time-division transmit/receive system as a main system 
and the other as a monitor system on the basis of receive signals of said 
first and second transmit/receive circuits (SW3, 6, 11 to 14); and 

a coupler (4, 5, SW1, SW2, 21, 23, 24) coupling said first or second 

20 transmit/receive circuit (6, 11, 12 or SW3, 13, 14) corresponding to a system 
judged as a main system by said judging circuit (15) with said first and 
second antennas (1, 2) in a main system operation in which a signal is 
transmitted/received to/from a base station for the main system, while 
coupling said first or second transmit/receive circuit (6, 11, 12 or SW3, 13, 

25 14) corresponding to a system judged as a monitor system by said judging 
circuit (15) with said first and second antennas (1, 2) in monitoring in 
which a signal is received from a base station for a monitor system. 

2. The portable telephone according to claim 1, wherein said 
30 coupler (4, 5, SW1, SW2) comprises: 

a first filter (4) provided between said first antenna (1) and said first 
transmit/receive circuit (6, 11, 12), passing a signal of said continuous 
transmit/receive system therethrough and suppressing a signal of said 
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time-division transmit/receive system; 

a second filter (5) provided between said first antenna (1) and said 
second transmit/receive circuit (SW3, 13, 14), passing a signal of said time- 
division transmit/receive system therethrough and suppressing a signal of 
5 said continuous transmit/receive system; and 

a switching circuit (SW1, SW2) coupling said second antenna (2) and 
said first transmit/receive circuit (6, 11, 16) with each other in a main 
system operation in case where said continuous transmit/receive system is 
a main system and in monitoring in a case where said time-division 

10 transmit/receive system is a main system, while coupling not only said first 
antenna (1) and said second transmit/receive circuit (SW3, 13, 14) with 
each other through said second filter (5) but also said second antenna (2) 
and said second transmit/receive circuit (SW3, 13, 14) with each other in a 
main system operation in case where said time-division transmit/receive 

15 system is a main system and in monitoring in a case where said continuous 
transmit/receive system is a main system. 

3. The portable telephone according to claim 1, wherein said 
coupler (4, 5, 21, SW1) comprises: 

20 a first filter (4) provided between said first antenna (1) and said first 

transmit/receive circuit (6, 11, 12), passing a signal of said continuous 
transmit/receive system therethrough and suppressing a signal of said 
time- division transmit/receive system; 

a second filter (5) provided between said first antenna (1) and said 

25 second transmit/receive circuit (SW3, 13, 14), passing a: signal of said time- 
division transmit/receive system therethrough and suppressing a signal of 
said continuous transmit/receive system; 

a circulator having first to third input/output ports (3a to 5a), giving 
a receive signal to said second transmit/receive circuit (SW3, 13, 14) 

30 through said second input/output port (2 lb) thereof, said receive signal 
being given to said first input/output port (21a) thereof through said first 
antenna (1) and said second filter (5), while giving a transmit signal to said 
first antenna (1) through said first input/output port (21a) thereof and said 
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second filter (5), the transmit signal being given to said third input/output 
port (21c) thereof from said second transmit/receive circuit (SW3, 13, 14); 
and 

a switching circuit (SW1) coupling said second antenna (2) and said 
5 first transmit/receive circuit (6, 11, 12) with each other in a main system 
operation in a case where said continuous transmit/receive system is a 
main system and in monitoring in a case where said time-division 
transmit/receive system is a main system, while coupling said second 
antenna (2) and said second transmit/receive circuit (SW3, 13, 14) with 
10 each other in a main system operation in a case where said time-division 

transmit/receive system is a main system and in monitoring in a case where 
said continuous transmit/receive system is a main system. 

4. The portable telephone according to claim 1, wherein said 

15 coupler (4, 5, 21, 23, 24) comprises: 

first and second filters (4, 24), provided between each of said first 
and second antennas (1, 2) respectively, and said first transmit/receive 
circuit (6, 11, 12), passing a signal of said continuous transmit/receive 
system therethrough and suppressing a signal of said time-division 

20 transmit/receive system; 

third and fourth filters (5, 23), provided between each of said first 
and second antennas (1, 2) respectively, and said second transmit/receive 
circuit (SW3, 13, 14), passing a signal of said time-division transmit/receive 
system therethrough and suppressing a signal of said continuous 

25 transmit/receive system; and 

a circulator having first to third input/output ports (2 la to 2 lc), 
giving a receive signal to said second transmit/receive circuit (SW3, 13, 14) 
through said second input/output port (21b), said receive signal being given 
to said first input/output port (21a) through said first antenna (1) and said 

30 third filter (5), while giving a transmit signal to said first antenna (1) 
through said first input/output port (2 la) and said third filter (5), said 
transmit signal being given to said third input/output port (21c) from said 
second transmit/receive circuit (SW3, 13, 14). 
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5. The portable telephone according to claim 1, wherein said 
coupler (4, 5, 23, 24, SW2) comprises: 

first and second filters (4, 24), respectively, provided between each of 
said first and second antennas (1, 2), and said first transmit/receive circuit 
(6, 11, 12), passing a signal of said continuous transmit/receive system 
therethrough and suppressing a signal of said time-division 
transmit/receive system; 

third and fourth filters (5, 23), respectively, provided between each of 
said first and second antennas (1,2), and said second transmit/receive 
circuit (SW3, 13, 14), passing a signal of said time-division transmit/receive 
system therethrough and suppressing a signal of said continuous 
transmit/receive system; and 

a switching circuit (SW2) giving a transmit signal outputted from 
said second transmit/receive circuit (SW3, 13, 14) to said first antenna (1) 
through said third filter (5) in transmission of said second transmit/receive 
circuit (SW3, 13, 14), while giving a receive signal of said first antenna (1) 
to said second transmit/receive circuit (SW3, 13, 14) through said third 
filter (5) in reception of said second transmit/receive circuit (SW3, 13, 14). 

6. The portable telephone according to claim 1, wherein said first 
transmit/receive circuit (6, 11, 12) generates receive speech data on the 
basis of receive signals from said first and second antennas (1, 2) and 

said second transmit/receive circuit (SW3, 13, 14) selects a signal of a 
higher signal level of receive signals from said first and second antennas (1, 
2) and generates receive speech data on the basis of the selected receive 
signal. 
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ABSTRACT 



A dual mode portable telephone according to the present invention is 
a portable telephone of a diversity type that can be used in both of the W- 
5 CDMA system and the PDC system and includes: a transmit/receive 
antenna (1); a receive antenna (2); a transmit circuit (11) and receive 
circuit (12) of the W-CDMA system; a transmit circuit (13) and receive 
circuit (14) of the PDC system; switches (SW1 to SW3) for selectively 
coupling the antennas (1, 2) with the W-CDMA circuits (11> 12) or the PDC 
10 circuits (13, 14); and a band branching filter (3). 



- 17- 



PORTABLE TELEPHONE 
Hiroaki NAGANO et al. 
2576-116 



FIG. 1 



7V 



TV 



11a 



6- 



Tx1 V 



1? 



.4a 



HPF 



LPF 



5a 
T3b 



6a / 
8a 




T1b 

4- 



T2b 
T1c 



SW2 
,SW3 




T2c 
SW1 



T3a 



T3c 
-T1a 

T2a 



•7a 



BPF 



BPF 
^TRx1 



W-CDMA 

TRANSMIT 

CIRCUIT 



-7 

-8 
12a 

J 



RxT J 
12b 



W-CDMA 
RECEIVE 
CIRCUIT 



Tx2 



13a / 



PDC 

TRANSMIT 
CIRCUIT 



Rx2 



14a 



PDC 

RECEIVE 
CIRCUIT 



CONTROL 
CIRCUIT 



PORTABLE TELEPHONE 
Hiroaki NAGANO et a(. 
2576-116 



09/914595 



FIG. 2 




C! FREQUENCY (GHz) 

y;i 

U! 
y;i 
m 

a 
m 
Li 

O 

a 



PORTABLE TELEPHONE An yn1 , rnr 

Hiroaki NAGANO et al. Jj J / J I ij. p J ^ 

2576-116 



IT 
O 



O 



CO 
CO 



CM 
CO 



CM 

cr 
o 



CM 



CM 

cr 
o 



o 
a 



CM 



o 

Q 



O 
Q 



O 
Q 



CO 



CM 



CM 



o 

€l 
€1 
H 

41 
U! 

in 

r 

o 
a* 

y 
a 
o 



LU 

a 
o 

i- 

CO 

CO 

< 
2 



CO 
CO 



CM 
CO 



CO 



LU 
1- 

CO g 

I- LU 
cr w 

UJ *™ 

a. ll. 
o o 



a 



O 
\ 

a 



CM 



CM 



CM 

a: 
o 



CM 

cr 

o 



CM 

cr 
o 



2 

o 

CO 

cr 

LU 

> 

o 
o 



CO 



o 

CO 

cr 

> 
z: 
o 
o 



> 

CD 
O 

< 

co 



cr 

OS 

IE CO 



o 
a 
a 



Q 

o 

i 



CO 

d 



UJ 



Q 
O 

I 

5 



a 
a 

CL 



PORTABLE TELEPHONE ^ ^ ^ „ n 

Hiroaki NAGANO et al. 09/914595 



FIG. 4 



(a) Tx1 



7 



z 



<w Rxi.i' /////////////////////////, 

(c) Tx2 

(d) Rx2 



TIME t ► 



FIG. 5 



SLOT R 


I 


T 


LM 


R 


I 


T 


LM 


R 


i 


T 
























(a) Tx1 












































(b) Rx1,1' /// 


V/, 


/// 


V 




V/ 








/// 


'// 
























(c) Tx2 




















/// 














Jd) Rx2 /// 








'//, 





TIME t ► 



PORTABLE TELEPHONE 09/914595 
Hiroaki NAGANO et al. ^ 
2576-116 



FIG. 6 




W-CDMA 

TRANSMIT 

CIRCUIT 



-11 



W-CDMA 
RECEIVE 
CIRCUIT 



12 



PDC 

TRANSMIT 
CIRCUIT 

PDC 

RECEIVE 
CIRCUIT 



-13 



14 



15 



CONTROL 
CIRCUIT 



Q 
€1 
€l 

£1 

m 

U! 

3 

a 
m 
w 
a 

Q 



o 

•—■4 



a 

cr 
o 



CO 
00 



CM 

q: 



CNJ 

or 



o 

\ 

Q 



O 



5 
C/) 



CM 



CM 



LU 

CL 
O 



UJ 

I- 
00 

>- 

00 



CO 
00 



o 

V. 

Q 



CM 

a: 



CM 

a: 



CO 



CM CM 



LLf 

o£ 

I— "-LI 
< -J 

ir £ 

CL Li. 
OO 



O 

< 
00 

cc 

LU 
> 

O 

o 



o 
< 

00 

cr 

> 
O 

o 



CQ 

a 



oo 



or 

OS 

00 



O 

a 
a. 



a 
o 
i 



LU 

< >- 
00 



Q 
O 

J 



o 
a 
a. 



r'^Ct/TA^O " |B * 9 ONV9VN Ueojm 

y O j ' ' ° 3NOHd3i3i aiaviaod 



PORTABLE TELEPHONE 
Hiroaki NAGANO et al. 
2576-116 



09/914595 



FIG. 8 




W-CDMA 

TRANSMIT 

CIRCUIT 



11 



W-CDMA 



RECEIVE H- 
~ m A CIRCUIT 



-12 



PDC 

TRANSMIT 
CIRCUIT 



PDC 

RECEIVE 
CIRCUIT 



•13 



■14 



^1 



CONTROL 
CIRCUIT 



a 
y:i 
a 

J:: 
U! 

IJ! 

m 
y 
o 
o 



CO 



CO 



LU 



"8 

LU |— 

a u. 
oo 



OS 
h- UJ 
I— 



LU 



CSJ 

trio 



CM 



O 

< 



CO I 



CO 

cr 
> 

lo 



o 



CSJ 

cn 



>- 

CQ 



CO 



O 
Q 

a 



< 

a 

o 



a 
o 
i 



o 

Q 
CL 



e 19 0NV9VN !>iBOJiH 



? 65*IO ' 3N0Hd3~IH±3iaV±a0d 



PORTABLE TELEPHONE 
Hiroaki NAGANO et al. 
2576-116 



FIG. 10 



11a 



Tx1 V 
t— 7a 



W-CDMA 

TRANSMIT 

CIRCUIT 



BPF 



7 
8 

12a 



4 8a-^ lRx1 J 




W-CDMA 
RECEIVE 
J | CIRCUIT 



PDC 

TRANSMIT 
CIRCUIT 

PDC 

RECEIVE 
CIRCUIT 



15 



CONTROL 
CIRCUIT 



o 
y:i 
y:i 

j:: 

U! 
U! 

= 

o 

HI 
W 

o 
o 



a 

LL 



o 
z 
2 
o 

o 
2 



o 

I 

LU 

o 



LU 
I— 
CO 

CO 



CO 



CO 



eg 

a: 



CM 



O 



O 



CM 



CO 



CM 



CM 



CO 

<= 

CO 



0 



o 



O 

a 



CM 

a: 
o 



o 



CM 

en 
o 



CO 



I— "J 
< — J 

UJ 

□L LL 

o o 



o 

Q 



CM 

a: 



q: 

OS 

I— LU 
I— 

CO 



LU 

< > 
CO 



< 

CO 

a: 

LU 
> 

o 
o 



m 

Q 



o 
< 

CO 

cr 

UJ 



> 

GO 



CO 



CO 



o 



o 
a 
a 



< 

a 

o 



a 
1 



o 

Q 
CL 



3 O -J L O / OU 3NOHd31313iaViy 0 d 



Declaration and Power of Attorney For Patent Application 

Japanese Language Declaration 



^f*<DaB^tcw u. in#<nt&mztm i, km* * *± 



As a below named inventor, I hereby declare (hat: 



My residence, post office address and citizenship are as stated 
below next to my name. 

I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention entitled 



PORTABLE TELEPHONE 



ui □ 



the specification of which 

(check one) 

(x| is attached hereto. 

B was filed on January 4, 2000 as 
Application Serial No. PCT/JPOO/00004 - 
and was amended on „_ 



(if applicable) 



I hereby state that I have reviewed and understand the con- 
tents of the above identified specification, including the claims, 
as amended by any amendment referred to above. 



Ittt. -2t*B«M%ASK37fiBR 1SM56& (a) ElcfEiv 



I acknowledge the duty to disclose information which is ma- 
terial to the examination of this application in accordance with 
Title 37, Code of Federal Regulations, §1. 56(a). 



Form PTO-FB-265 (8-83) 



Page 1 of 4 



Patent and Trademark Offlce-U.S. DEPARTMENT OF COMMERCE 



Japanese Language Declaration 

imam * fc B*w*f nm««) wia« st*f ins « ±» o , 

5 : 

Prior foreign applications 



(Number) 
(# J») 



(Country) 
(HI *) 



! hereby claim foreign priority benefits under Title 35, United 
States Code, §1 19 of any foreign application(s) for patent or 
inventor's certificate listed below and have also identified 
below any foreign application for patent or inventor's certifi- 
cate having a filing date before that of the application on 
which priority is claimed: 



Priority claimed 



(Number) 

(# ^) 


(Country) 

m *) 


(Day/Month/Year Filed) 


(Number) 

(* 


(Country) 

m *> 


(Day/Month/Year Filed) 



(DayyMonth/Year Filed) 



Jfir U 
£io 



Hkw an a t *m<DWfo&m a $ t «i p c t nEgtBss b <d 



I hereby, claim the benefit under Title 35, United States Code, 
§120 of any United States application(s) listed below and, 
insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States appli- 
cation in the manner provided by the first paragraph of Title 
35, United States Code, §112, I acknowledge the duty to 
disclose material information as defined in Title 37, Code of 
Federal Regulations, § 1.56(a) which occurred between the 
filing date of the prior application and the national or PCT 
international filing date of this application: 



(Application Serial No.) 



(Filing Date) 

mis) 



(Status) 
(patented, pending, 
abandoned) 



(Application Serial No.) 



(Filing Date) 



(Status) 
(patented, pending, 
abandoned) 



«a»*ff o fc*£. £%(Si£ft3Kl8»SlOOlfttc J: U , 
134 1 b < ligfflicj&tf *> ft* A\ $ fc l* Z tiSOHWW 



I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on infor- 
mation and belief are believed to be true; and further that 
these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent 
issued thereon. 



Page 2 of 4 

Form PTO-F8-265 (8-83) Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE 



Japanese Language Declaration 

daft L % £ i$?Tt 5 c: fcfttflC d ncKit * 



POWER OF ATTORNEY: As a named inventor. I hereby 
appoint Ihe following attorney(s) and/or agent(s) to prosecute 
this application and transact all business in the .Patent and 
Trademark Office connected therewith, {list name and reg- 
istration number) 



G. Franklin Rothwell, Reg 
E. Anthony Figg, Reg, No. 27, l~9l[ 
Barbara G. ~ " — ' 

1/ George R. 
If Bart G. 
ft /I Vincent 

\LS Celine Jimenez Crowson, Reg.l^o 
V Joseph A. Hynds, Reg. No. 34,627 



No. 18,125 



Ernst, Reg. No'r 
Repper, Reg. No.~ 
Newland, Reg. No. " rj_, ?R? 
M. DeLuca, Reg. No. 32^4^ 



30,377 



40, 357 



Mark I. Bowditch, 
Robert J. Jondle, 
Kenneth M. Fag in, 
Don M. Kerr, Reg. 
Jeffrey L. Ihnen, 
Stephen A. Saxe, Reg 
Glenn E. Karta, Reg. 
Martha Cassidy, Reg. 



No.^4JXr^4^- 
No. 33, 915 



Reg 
Reg 

Reg. No.^3XZ^ 

No . ^22*7.20 

Reg. No. 28,957 



No.__ia^Aa 

No. 44,066 



-Suit e_701, East Tower 
J555 13th RtT"feai=- r -^-rVff_ 
Washington , Dj 
"U.S.A. 



Send Correspondence to: 



Direct Telephone Caits to: (name and telephone number) 





Full name of sole or first inventor 
Hiroaki NAGANQ 




Inventor's ^gnal^e n Date . 


ttgi 


Residence ' * /? \ 
^ixogxi-r JapanJ^f ^L. 


1" HP 


Citizenship 

Japanese 




Post Office Address 

c/o Mitsubishi Denki Kabushiki Kaisha, 




2-3, Marunouchi 2-chcme, 
Chiyoda-ku, TOKYO 100-8310 JAPAN 




Fult name ot second joint inventor, it any 
S^Linjiro FUKUX&MA 




Second Inventor's signature Date 




Residence _ 

Jyoj^ Japan L ^r>- 


« 


Citizenship 

Japanese 




Post Office Address 

c/o Mitsubishi Denki Kabushiki Kaisha, 




2-3, Marunouchi 2-chcme, 
Chiyoda-ku, TOKYO 100-8310 JAPAN 



fcti^ Hiyj$Oft[pl5£0fl#{Ci*i IT fcraiSCff* (Supply similar information and signature for third and sub- 

$Bi3 & £ t&iftt 5:t, ) sequent joint inventors.) 

Page 3 of 4 



orm PTO-FB-2S5 (8-83) 



Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE 



Japanese Language Declaration 







Full name of third joint inventor, if any 

Kenii ITOH 






Third Inventor's signature . * Date 


SWT • . \ 


Residence J * \ C) \ $ v 
Hyog<D . Japan }V7 


mn /Lv 


Citizenship 
Japanese 




J 


Post Office Address 

c/o Mitsubishi Denki Kabushiki Kaisha, 




2-3, Marunouchi 2-chome, 
Chiyoda-ku, TOKYO 100-8310 JAPAN 



Full name of fourth joint inventor, if any 



Fourth Inventor's signature 



Date 



ftnfr 



Residence 



@33 



Citizenship 



Post Office Address 





Full name of fifth joint inventor, if any 




Fifth Inventor's signature Date 




Residence 




Citizenship 


v *I&1S<D585fc 


Post Office Address 








JB6O*BB8«*0)ft«(tta-r6«*) 


Full name of sixth joint inventor, if any 


ns 6 &mmwm<Dm% a n 


Sixth Inventor's signature Date 


ftHf 


Residence 


nil 


Citizenship 




Post Office Address 







(S 7 S fcli* ft&&a>*raftRB#K& UT t>mU% (Supply similar information and signature for seventh and 

tfi$£&<fct/ll££jsl#iT'5£.£:o ) subsequent joint inventors.) 



Page 4 



